For solution of the problem with the light quark polarized sea symmetry, it is proposed a theoretical procedure allowing the direct extraction from the SIDIS data of the first moment difference of the light sea quark polarized distributions in the next to leading (NLO) QCD order. The validity of the procedure is confirmed by the respective simulations.
The extraction of the polarized quark and gluon densities is the main task of the SIDIS experiments with the polarized beam and target. Of a special importance for the modern SIDIS experiments are the questions of strange quark and gluon contributions to the nucleon spin, and, also the sea quark share as well as the possibility of broken sea scenario. Indeed, it is known [1] that the unpolarized sea of light quarks is asymmetric, so that the first moments of the unpolarized u and d quark densities do not equal to each other: Thus, the question arises: does the analogous situation occurs in the polarized case, i.e. whether the polarized density ∆ū and its first moment 4 ∆ 1ū ≡ 1 0 dx∆ū are respectively equal to ∆d and ∆ 1d or not.
In ref. [2] there was analyzed the possibility of broken sea scenario, considering the results of SIDIS experiments on ∆q with respect to their consistence with the Bjorken sum rule (BSR) predictions. It was shown [2] that if only the results of [3] on the valence distributions ∆ 1 q V are closed to the real (satisfying BSR), one immediately arrives at nonzero (2.42 standard deviations) result for the first moment difference of the u and d sea quark polarized distributions: ∆ 1ū − ∆ 1d = 0.235 ± 0.097.
At the same time, it was stressed [2] that this is just a speculation, and, to get the reliable results on ∆q from the data obtained at the relatively small average Q 2 = 2.5 GeV 2 [3] , one should apply NLO QCD analysis rather than the simple leading order (LO) one. The main 1 E-mail address: sisakian@jinr.ru 2 E-mail address: shevch@nusun.jinr.ru 3 E-mail address: ivon@jinr.ru 4 From now on the notation ∆ 1 q ≡ 1 0 dx∆q will be used to distinguish the local in Bjorken x polarized quark densities ∆q(x) and their first moments.
goal of this paper is to present a such NLO QCD procedure allowing the direct (without any special fit) extraction from the SIDIS data of the quantity ∆ 1ū − ∆ 1d we are interested in.
It is known that the description of semi-inclusive DIS processes turns out to be much more complicated in comparison with the purely inclusive polarized DIS. First, the fragmentation functions are involved, for which no quite reliable information is available 5 . Second, the consideration even of the next to leading (NLO) QCD order turns out to be rather difficult, since it involves double convolution products. So, to achieve a reliable description it is very desirable, on the one hand, to exclude from consideration the fragmentation functions, whenever possible, and, on the other hand (and this is the main task), to try to simplify the NLO consideration as much as possible.
It is well known (see, for example, [4] and references therein) that within LO QCD approximation one can completely exclude the fragmentation functions from the expressions for the valence quark polarized distributions ∆q V through experimentally measured asymmetries. To this end one, instead of the usual virtual photon asymmetry A 
, one has to measure so called "difference asymmetry" A h−h N which is expressed in terms of the respective counting rates as
where the event densities n
dz are the numbers of events for antiparallel (parallel) orientations of incoming lepton and target nuclear spins for the hadrons of type h registered in the interval dz. Coefficients P B and P T , f and D are the beam and target polarizations, dilution and depolarization factors, respectively (for details on these coefficients see, for example, [5] and references therein). Then, the LO theoretical expressions for the difference asymmetries look like (see, for example, COMPASS project [6] , appendix A)
i.e., on the one hand, they contain only valence quark polarized densities, and, on the other hand, have the remarkable property to be free of any fragmentation functions. Let us start NLO consideration with the known [4, [7] [8] [9] theoretical expressions for the difference asymmetries
where the semi-inclusive analogs of the structure functions g , are related to the respective polarized and unpolarized semi-inclusive differential cross-sections as follows [8] 
5 For discussion of this subject see, for example [4] and references therein.
The semi-inclusive structure functions g p(n)/h 1 are given in NLO by
where
is the double convolution product. The respective expressions for 2F
have the same form with the substitution ∆q → q, δC →C. The expressions for the Wilson coefficients δC qq(qg,gq)
2 )C L qq(qg,gq) can be found, for example, in [8] , Appendix C. It is remarkable that due to the properties of the fragmentation functions:
in the differences g
(and, therefore, in the asymmetries A
) only the contributions containing the Wilson coefficients δCandCsurvive. However, even then the system of double integral equations
proposed by E. Christova and E. Leader [4] , is rather difficult to directly 6 solve with respect to the local quantities ∆u V (x, Q 2 ) and ∆d V (x, Q 2 ). Besides, the range of integration D used in ref. [4] has a very complicated form, namely:
and, additionally, range
Such enormous complification of the convolution integral range occurs if one introduces (to take into account the target fragmentation contributions 7 and to exclude the cross-section singularity problem at z h = 0) a new hadron kinematical variable z = E h /E N (1 − x) (γp c.m. frame) instead of the usual semiinclusive variable z h = (P h)/(P q) = (lab.system) E h /E γ . However, both problems compelling us to introduce z, instead of z h , can be avoided (see, for example [8, 9] ) if one, just to neglect the target fragmentation, applies a proper kinematical cut Z < z h ≤ 1, i.e. properly restricts the kinematical region covered by the final state hadrons 8 . Then, one can safely use, instead of z, the usual variable z h , which at once makes the integration range D in the double convolution product (9) very simple:
Note that in applying the kinematical cut it is much more convenient to deal with the total numbers of events
within the entire interval z ≤ z h ≤ 1 and the respective integral difference asymmetries
than with the local in z h quantities n ↑↓(↑↑) (x, Q 2 ; z h ) and A h−h N (x, Q 2 ; z h ). So, the expressions for the proton and neutron integral difference asymmetries assume the form
and the double convolution reads
7 Then, one should also add the target fragmentation contributions to the right-hand side of (7). 8 This is just what was done in the HERMES and COMPASS experiments, where the applied kinematical cut was z h > Z = 0.2.
9 Namely the integral spin symmetries
were measured by SMC and HERMES experiments (see [3, 5] and also [9] ). 10 Here one uses the equality g
which is valid up to corrections of order O(ω D ), where ω D = 0.05 ± 0.01 is the probability to find deutron in the D-state.
Fortunately, with a such simple convolution region, one can apply the well known remarkable property of the n-th Melin moments M n (f ) ≡ 1 0 dx x n−1 f (x) to split the convolution product into a simple product of the Melin moments of the respective functions:
. (16) So, applying the first moment to the difference asymmetries A
given by (13), (14), one gets a system of two purely algebraic equations for
with the solution
Here we introduce the notation
with the coefficient ∆ 1 C(z) ≡ 1 0 dx δC(x, z). Now one may do the only last step to get the NLO equation for the extraction of the quantity ∆ 1ū − ∆ 1d we are interesting in. Namely, on can use the equivalent of BSR (see [2] and references therein for details) rewritten in terms of the valence and sea distributions:
Using Eqs. (17-23) one gets, eventually, a simple expression for the quantity
) in terms of experimentally measured quantities, that is valid in NLO QCD : and A
which, in turn, are just simple combinations of the directly measured counting rates.
To check the validity of the proposed procedure let us perform the respective simulations. To this end we use the polarized event generator PEPSI [12] , and, we choose 12 the CRSV2000NLO(valence scenario) [13] parametrization as an input. The conditions of simulations are presented in the Table 1 and correspond to HERMES [3] conditions.
First we generate the event sample with the cuts:
Then we construct the virtual difference asymmetries (see Eq. (12)).
To extract from the simulated asymmetries the quantities ∆ 1 u V , ∆ 1 d V and, eventually, ∆ 1ū − ∆ 1d , one should calculate the quantities A 
where ∆x i is the i − th bin width, and we used the parametrizations [14] for the fragmentation functions and [15] for unpolarized quark distributions. Note that here one should use not the usual "+"-prescription in the Wilson coefficients C, but its generalization, so-called "A"-prescription [16] . The calculation of L 1 ,L 2 is rather simple and can be done using any numerical method and the known parametrizations for the fragmentation functions [14] .
The results on ∆ 1 u V ,∆ 1 d V and ∆ 1ū − ∆ 1d extracted from the simulated difference asymmetries using the presented NLO procedure, are given in the Table 2 .
It is obvious that to be valid, the extraction procedure, being applied to the simulated asymmetries should give the results maximally close to the ones obtained directly from the parametrization entering to the generator as an input (GRSV2000NLO here). Comparing the result of Table 2 on ∆ 1ū − ∆ 1d with the same quantity obtained from the respective directly 11 With the standard and well established assumption that the fragmentation functions do not depend on the spin. Then, the unpolarized fragmentation functions D can be taken either from independent measurements of e + e − -annihilation into hadrons [10] or in hadron production in unpolarized DIS [11] 12 We choose here namely asymmetric parametrization because at present the broken sea scenario is argued as the most probable one [13] (see also discussion on this subject in the beginning of the paper and Eq. (1)). 
